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NGC 2419 
Two Stellar Populations in the Distant Milky Way Globular Cluster NGC 2419 
Stephen Gillam, Sydnee Hamrick and Christian Keating 
Indiana University Purdue University Fort Wayne Department of Physics 
The Signature of Two Stellar Populations 
These plots show the ratio of the number of stars on the blue side of the red giant branch to the number on the red side at various distances from the cen-
ter of NGC2419.  See inset to right panel. The left panel shows that there are more blue-side giants than red-side giants near the center, and that the re-
verse is true near the edge of the field of view (~110 seconds of arc from the center). The right panel shows the reverse trend. This is evidence that there 
are two populations of red giant stars that have different spatial distributions.    
NGC2149 : An  Unusual Globular Cluster 
The left panel is the color-magnitude diagram of NGC2419 from Hubble Legacy Archive photometry (this work). The right panel is the color-magnitude diagram of 
NGC2808.12 This is also a large, old and distant globular cluster in the Milky Way. Both clusters contain two populations of stars. There are many similarities in 
their color-magnitude diagrams including the overall shape of the distributions of their stars on the CMD, the vertical section of the blue horizontal branch, both 
have many blue stragglers and both have blue hook stars. They differ in that NGC2808 has a red horizontal branch,  a less well defined asymptotic giant branch 
and has an extended blue horizontal branch.  
Blue   
Horizontal 
 Branch 
Blue   
Hook  
Stars 
Subgiants 
Main Sequence 
Blue  
Stragglers  
Red Giants  
Asymptotic 
Giant 
Branch  
The Data 
The data consists of measurements of the brightness of the stars inside the orange rectangles in 
twelve spectral filters from the ultraviolet (275 nm) to the infrared (814 nm). This data is available at the 
Hubble Legacy Archive. The camera used was the  Wide-Field Camera #3 (WFC3) on the Hubble Space Tele-
scope. It was centered on NGC2419 and covered about one-quarter of area of the cluster.  This included the 
dense core where more than half of the stars in the cluster reside. The original images were taken for WFC3 
photometric calibration carried out by Jason Kalrai at the Space Telescope Science Institute (proposal ID 
11903). The data were taken from 2010-05-14 04:37:49 UT to 15:04:37 UT. The high precision pointing of 
HST means that all the pictures cover exactly the same area on the sky. The exposure durations vary from 
100 s to 1450 s.   
Abstract 
The distant Milky Way globular cluster NGC2419 holds the fossil record of dark matter in the early universe. NGC2419 
is 13 GYr old. 1 It is thought that globular clusters are the remnants of giant spheroidal stars systems that formed under 
the gravitational influence of dark matter 13 GYr ago.2  Winds from supernovae and/or rotating asymptotic giant branch 
stars removed, in less than 1 Gyr, most of their stars and much of the gas from which new stellar generations form. 
These winds enriched the primordial gas in carbon+nitrogen+oxygen and helium. The amount of gas that remained de-
termined how many more generations of stars would form. The degree of enrichment determined the chemical 
makeup of the globular cluster stars. It is thought that progenitors containing warm dark matter result in globular clus-
ters in who’s second generation of stars formed relatively late. The majority of progenitors with moderate initial mass 
will hold enough residual gas a second generation of stars to form. However, many globular clusters harbor multiple 
populations containing a widely differing fractions of carbon+nitrogen+oxygen and helium.4 5 6 7  These are likely to be 
the result of mergers between multiple progenitors. Thus, two-population clusters with moderate car-
bon+nitrogen+oxygen and helium differences are a signature of warm dark matter in the early universe.  
 
NGC 2419 is one of a handful of clusters with two giant star star populations that differ moderately in  chemical 
makeup.3 It is an ideal system in which to look for the signature of warm dark matter. This work seeks to use the chemi-
cal differences between the generations to determine the amount  type of dark matter in the early universe.  
 
The helium enrichment causes the second generation to be bluer (for the same luminosity) than the first generation.8 
This blue/red dichotomy is expected to be present in both the red giants and the horizontal branch stars of NGC2419.7 
This paper will show that dissecting the red giant branch reveals two populations of giants, one of which is more cen-
trally located than the other. This behavior was seen in eight colors from the ultraviolet to the infrared. This paper will 
investigate the two stellar populations by comparisons of stellar evolution models 9 10 and color-magnitude diagrams 
constructed from photometry in the Hubble Legacy Archive.11  
Results 
NGC2419 contains two generations of stars. The first generation is approxi-
mately 12.5 Gys old. The second is 10.5 Gyrs old. The first generation is en-
riched in total carbon, nitrogen and oxgen compared to the values in solar-type 
stars. The second generation shares this enrichment and also has an overabun-
dance of helium compared to the first generation by up to 0.16. That is 40% of 
the gas from which the second generation formed was helium and 24.5% of the 
gas from which the first generation formed was helium.  This is in good agree-
ment with the estimate of Lee et al 20133 of ΔY=0.19 from narrow-band pho-
tometry sensitive to calcium. 
Identifying Multiple Star Generations 
The large panel above-left shows the red giant branch of NGC2419. Histograms of the color distributions of slices of the giant branch reveal evidence of at least two populations of stars. Each peak in the graph represents the range of 
colors due to a single population of stars. Each distribution is Gaussian because of random measurement errors. The vertical slices reveal changes in the separation in color of these populations as we go from the brightest stars (at 
the top of the diagram) to the faintest measured (at the bottom). The distributions of the brightest two slices (top) show the red giants and the asymptotic giant branch stars immediately to their left. These AGBs are the evolutionary 
products of the red giants. Both of these groups of stars are expected and seen in almost every globular cluster in the Milky Way. They belong to the same population. The lower three rows of histograms reveal two populations of 
stars where (until 2004) only one was expected. These are entirely separate generations of stars. The middle two columns show that there is a range of colors between the two in which the separation between generations is largest. 
A combination of the F390W and F438W filters will likely provide a larger separation of these generations and be a more sensitive indicator of multiple stellar generations.  
Preliminary Stellar Model Eye-ball Fits  
The color-magnitude diagrams (CMDs) above show colors (horizontal axes) and the luminosities (vertical axes) of stars in the cluster. The red and blue lines are theoretical estimates of their colors and magnitudes assuming the parameters listed in the left-most 
panel above.  Each CMD represents the appearance of the cluster stars in a different pair of spectral filters.  One filter admits bluer light that the other. All the CMDs use an infrared filter that admits light around 814 nm wavelength. The CMDs differ in the short
-wavelength filter. The first CMD (second panel on the left) uses a mid-ultraviolet filter at 336 nm. The second CMD (third panel) uses a near-UV filter. The third CMD (forth panel ) was made using a blue filter at  438 nm. The last panel shows the CMD when the 
long wavelength filter is red (625 nm). The red curve represents the oldest of the two stellar generations. This generation modelled by the blue curve contains more helium. The separation between the model giant branches is largest in the third CMD. The 
spectral sweet-spot is once again between F390W and F438W filters. This suggests a direct correspondence between the model and the peaks of the color histograms. The difference in helium content between generations is approx. 16%. 
Stellar Model Parameters 
(m_M) 0 = 19.97 
E(B-V) = 0.1  
[Fe/H] = -2.14 
Mass loss exponent = 0.2. 
1st gen : Age = 12.5 Gyrs 
   Z = 0.0001 
   Y = 0.245 
2nd Gen : Age = 10.5 Gyrs 
   Z= 0.000244 
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